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The Land and the &tks of Crowders Mountain State Park

Geologic and technical terms used in the text are indicatdabid italicsand defined in the glossary at

the back of this guide.

Crowders Mountain State Park lies within the Piedmgimgsiographicprovinceof North

Carolinain Gaston and Cleveland Count{éig. 1). The Piedmont is separated from Blee
Ridgephysiographic province by tH&lue Ridge Escarpmentrar to the east of the Park, the

Fall Zoneseparates the Piedmont from the CoastaiRIphysiographic province. The Piedmont
is typically characterized by gently rolling hills, heavily weathered bedaocka general

scarcity of exposed solid rock, knowncagcrop. The relatively humid climate of the Piedmont,
receiving approximatel¢5 inchef rain annually, speeds the chemical breakdown and erosion
of rock. Unlike the ruggeBlue Ridg@hysiographic province kere rock outcrops are plentiful,
rock in the Piedmont is typically found buried beneath a thick (3 to 50 feet) layerl @ingb

highly weathered rock callesaprolite. Outcrops of solid rock are usually restricted to stream
valleys where the saprolite layer has been removed by erosion. Generally, the topography of
the Piedmont becomes steeper closer to the mountains wheomadnocksf more resistant

rock stick up above the Piedmont surface.
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Figurel: Location of Crowders Mountain State Park and physiographic provinces of North Carolina.

Is There a Monadnock Around Here?

The topography o€rowders Mountain State park is unique. Located near the central portions
of the Piedmont (almost halivay between theBlue Ridgend the Coastal Plain), this area has



topography similar to the foothills in the western portion of the Piedmont province tiea
mountains. The summits of Crowders Mountaih,§25feet above mean sea level (msl)) and

The Pinnaclel(705feet msl), sit high above the gently rolling hills of the Piedmont at
approximately800- 900feet msl That is oveB00feet of topographial differencé Compared
with typical locations in the Piedmont, rock outcrops are relatively abundant in and around the
Park CrowdersMountain, The Pinnacleand theseriesof ridges that the Ridgeline Tralil

follows, are monadnocks that are prominentlisplayed orae hillshade elevation map created
usingLiDAR elevation dat#fig. 2)
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Figure2: Hillshade elevation map created using LIiDAR elevation data showing prominent topographic features in
the Crowderdountain State Park area.

Why Are There Mountains Here?

Simply stated, the rocks thainderlie Crowders Mountain, The Pinnacle, and the ridges in and
around the Park are harder (more resistantai@sion) than rocks of the lowedying areas.

Through milions of years of erosion, wind and rain have sculpted the landscape to what we see
today.



Rock types ithe Park

Geologic Maps Tell Us the Type of Rock under Our Feet.

Geologic mapgsdepicted in plats 1 and 2 show the distribution of rock types and
unconsolidated material in an area. The different colors on a geologic map indicate various
geologic units. The lines on the map indicate the locations otdm¢actbetween geologic
units, faults, andfolds. Ponts indicate the location of outcrop, former or actimenesand
prospectsor other geologic features. To produce a geologic map, a geofygitematically
walks and/or drives the subject area looking for rock outcaiper geologic material, evidence
for faults, and active and former mines and prospedike geologic map is the fundamental
starting point in understanding the landscape of an area and the geologic history.

To geologists, rocks are much more than hunks of matetiay tell a long, smetimes violent,
and sometimes complicated story of the history of our Earth andstate. This section
describes the various rocks types and rock units encounteraddraroundCrowders
Mountain State Park.

To learn about the rocks exposed in and around Crowders Mountain State Park, we must first
introducethe three basic rock types of geologigneous metamorphicand sedimentaryrocks.

All three of these rock types are present within the Park, making éaellent place to learn
about geology!

The Park contains two fundamentally different types of geologic unitsedjockcomposed of
primarily ancientmetamorphicrocksintruded by a minor buainimportantigneousrock type
calleddiabaseand(2) suficialsedimentarydeposits that mantle the slopes of the mountains
from geologically recent (less th@&b million years old) erosion.

Metamorphic Rocks

The bedrock in the Park is composed of mainly metamorphic rocks. Metamorphism is the
changing of aock due to heat and pressure. Mountaiilding events typically from the

collision of islands with other islands, islands with contingotsontinents with continents

cause rocks to be buried deep in the Earth. Temperatures and pressures ardigiuehdeep

in the crust than at the surface of the Earth. The depth to which a rock has been buried (and
the resulting temperature and pressure) determines the degree of metamorphism. A rock
buried deep in the Earth generally will have a higher degifeaaetamorphism than a rock that
remained closer to the surface. Metamorphism can be extreme (like extensive plastic surgery)
or slight (like someone receiving a suntan at the beach). Extreme metamorphism (called high
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grade metamorphism by geologistsyaives the recrystallization of the rock in which new

minerals replace the original ones. This causes thednigle metamorphic rock to look

nothing like the original rock. Slight metamorphism (called-¢pade metamorphism) is

sometimes so slight thahe rocks barely look changed except to the trained eye of a geologist.

The rocks associated with Crowders Mounta&ve been metamorphosed somewhere in

betweenlow-to mediuma N} RS YSGF Y2NLIKAAYT &adzoaSldsSyiaftesz
added to the ock nameor metamorphic rock type names are usetihe rocks have been

charged significantly from the original rocksowever,some rocks retain enough of the original

features for geologists to interpret the origl rock type with confidence.

There aranany metamorphic rock types (e.g. gneiss, schist, phyllite, quanzéaggtuff,
metaconglomeratemarble, etc..); most important to Crowders Mountain State Park are the
following:

Schistand phyllite: metamorphic rocks formed from sedimentary rocks like mudstone,
siltstone, andsomesandstona. Schists typically have an abundance of flaky minerals called
mica (biotite and/or muscovite) whose flakes you can see with the naked eye. Phyllite is
compod of similar flaky micike minerals buthe individual flakes are very smallhe flaky
minerals align themselves in thin layers and give the rocks a characteristic typical of some
metamorphic rocks callefibliation.

Quartzite a metamorphic rock foned from sandstone composed of mainly quartz mineral
grains. Quartzite is very resistant to erosion since it is mainly composed of the resistant mineral
quartz.

Metaconglomerate a metamorphic rock formed from the sedimentary rock type
conglomerate Caglomerate is a rockomposed of fragmentsf rock- that are typically
roundedby tumbling inwater - in a finegrained matrix of sando silt-sized sediments.

Metatuff: a metamorphic rock formed from tuff. Tuffassolcanicigneous rock formed from
the consolidation andithification (process of forming a rock) of volcaagh Another
metamorphosed volcanic rock present in the park is metafelsite. Metafelsite is a type of
metamorphosed lava.

Hydrothermally altered Rocks

Rocksshowing signs of beingltered byhydrothermalfluids are common in th€rowders
Mountain area Hydrothermal alterationoccurs when water, heated byagma, permeates
through rocks or deposits and changes their composition by adding, remavingdistributing
chemical elements.



Magmaassociated with the anciemolcanicactivities in the Crowders Mountain aréaated
localseawaterand circulated it through the volcanand sedimentaryleposits. When the

heated water and fluids rose to ¢hsurfaceof the sea flooy theymay haveformed

hydrothermal vents Hydrothermal alterationmaydrastically change the appearance of rocks,
often changing rock into clay. The hydrothermal fluids in the Crowders Mountain area
essentially removed most die elements that are easily dissolved (e.g. potassium, sodium, and
calcium) ad left behind silicaand aluminurarich clays. When the area was subjected to
metamorphism, the siliceand aluminurarich clays changed intoyanitebearingquartzite.

Kyaniteis a bluish bladedhaped mineraand, like quartz is a very resistant mineral. Kyanite is
also used in the manufacturing of hitggmperature ceramics. The presence of abundant
kyanite at Crowder®dountain and The Pinnacle made the location attractive to mining
companies. De to the efforts of a local conservation group, the area was established as a State
Park in 1973.

Kyanite and the Blue Daggers:

Kyanite is a metamorphic mineral that is typically blue in color and shaped like little blades
(little daggers). In places in Crowders Mountain State Park it can be found in the aluminuous
guartzite unit (Cag unit on ptes 1 and 2). The kyanite at Crowders is more of adpag

color.

Kyanite is utilized as atonomic mineratlue to its physical and chemical properties. Kyanite
is relatively chemically inert, has a high dielectric strength (a material that hagibésyl
electrical or thermal conductivityand a high melting pointlt is used in the ceramic industry in
the production of heatesistant products such as electrical insulators. It is used in porcelain
plumbing fixtures and other ceramics (like dism@)eand is used in electrical insulators and
abrasives. Kyanite is also used as a semiprecious gemstone.

The kyanite within the aluminous quartzite unit found in Crowders Mountain State Park is also
found in many locations within the region occurringtiais strips in North and South Carolina.

In South CarolinaatHer@y Yy 206X Y@l yAduS 6Fa YAYSR 2FF FyR
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My MO O L, 3/ mireril $xpleraionc@ripany began investigating the kyanite resources

at Crowders Mountain and the Pinnacle. Due to the threat of Crowders Mountain and the
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through their efforts the area was established as a State Park in 1973.




lgneous Rocks

In addition to the metamorphosed igneous rocks present in the Park (metatufiretafelsite),
the igneous rock type calletlabaseis present imavery small amount in thin bodies called
dikes Although diabase represents a small portion of the rock types in the Park dnelpst
tell an important part of the overall geologic hisyoof the area and the Earth. Diabase will be
discussed further in the geologic history section.

Sedimentary Depositand Rocks

Generally, sedimentary deposits and rocks form from the erosion, transportation and re
deposition of older rock types. Ignes, metamorphic and sedimentary rocks can be eroded
and broken down into pieces to become components in a sedimentary deposit or rock.
Sediment is naturally occurring material that is formed from the breakdown of rock material
through weathering and erosn. Sediment particles can range frdmulder-, cobble, sand,
silt-, to claysize. Surficial sedimentary deposits mantle the steep slopes of the mountains in
the Park and in many places cover the bedrock. The deposits are identifieduagumon

plates 1 and 2.

The metaconglomeratejuartzites,schists, and phyllites that underlie most of the park began
as the sedimentary rock typesnglomerate, sandstone, siltstone and mudstorfes the names
imply, conglomerate is composed of a conglomevatofrounded to partiallyrounded

boulder, cobble, gravel and sandsizesediment sandstone is composed sndsized
sediment, siltstone is composed sift-sizesediment and mudstone is composed of mixture of
silt- and clay-sizesediment.

The Park is underlain by a whole bunch of Schist!

The geologic map of the Park (plates 1 and 2) indicate that the area is separated into two main
rockformations: the Blacksburg Formation and the Battleground Formation. The Battleground
Formation and its various units form the bedrock that underlies the Park.

On the Park property, the various rock types of the Battleground Formation have been grouped
by Horton(2008)into severalgeologic unitgplates 1 and 2) Three of these rock units are
composed of the rock tymeschistand phyllite and underlie most of the Palkeologic units:

(bs quartzsericite phyllite and schis€oms biotite-muscovite schist; an@bfs: felsicschist

and gneiss (metafelsite))



The presence of these rocks tell geologiibat the ancient environment present when the
sedimentary rocks were being deposited was at the bottom of an ocean. Additidhally
schissand phyllitesare interlayed with rock types named metatuff andlcanic
metaconglomeratgex. (hct-plagioclasecrystal metatuff,dovcvolcanic metaconglomeratand
CGbmp-mottled phyllitic metatuff) Based on the main rock types present under the Park
(metamorphosed sedimentary rocks and volcanic rocks), geologists can interpret that the area
of the Park was once under water alodatednear to a volcanglly activearea! Looking closer

at the rock tygs, we can tell more!

The presence of thin geologic units in the Park help explain why there are
mountains and also unlock important clues to the geologic history of the area
and the Earth!

Interlayered with the schists and phyllites are thin geologitsuranging from just a few feet in
thickness to only upo a few hundred feet thick. These units may be thin and only underlie a
small portion of the Park, butollectivelyare resposibe forthe landscape we see at the Park
todayand offer importantclues to the geologic history of the areédwo of these units are
composed ofjuartzite ((bag: aluminous quartzite) and metaconglomeratéb¢: Dixons Gap
metaconglomerate). Quartzite is metamorphosed sandstone and metaconglomerate is
metamorphosectonglanerate. These units are important for two reasons

1) The quartzite and the metaconglomerate are very resistant to erosion compared to the
schists and phyllites that underlie most of the Park. Since they are more resistant, they
withstand betterthe effects of erosion and form the ridges and mountains in the Park. The
guartzite is the most resistant and is what forms Crowders Mourdath The PinnacleThe
metaconglomerate forms some of the ridges in the Park and is present on a few segments of
the Rdgeline trail.

2) In a very general sense, the presence of metaconglomerate and quartzite indicate that there
was geologiaiplift somewhere within a few to upp multiple miles away.The presence of the
conglomerate indicates that something geologicaitgrestingwas taking placeThis uplift

formed higher ground that began to erode sending tons of rock debris down rivers and possibly
into underwater canyons to be depositeshderwater in the area to later become Crowders
Mountain State ParkThemetaconglomerateswithin and nearby to the Park were the subject

of some hgh-tech geologic researdmeaded by researchers from the University of South
Carolina Aiken (Dennis and Baker (20D2nnis et al. (2012and ), and Dennis (201%)

According to theiresearchthe metaconglomerate layemmay mark theperiodwhenthe chain

of volcaroes that includedmodernday Crowders MountairState Parkbegan to separate from

the ancientGondwanacontinent. Additional information about the work tfe University of

South Carolindikenresearchers is provided in the side bar tekretails of how the research

fits into the geologic history of the area is provided in the geologic stoyoseaf the text.



The Geologic Storg How the RocksGot There

Prologue

The geology presented so far has primarily been a description of the rock types present in
CrowdersMountain State Park. However, just a description of these rocks does not tell us how
the rocks formed or how the rocks were changed or altered. The following section presents the
geologic story of how and when the rocks formed. Through detailed geatwapping and

work by many investigators in the immediate areas surrounttiiegPark(as well as similar

areas throughout South CarolimadNorth Caroling the geologic story of th€rowders

Mountain State Parlwas pieced together. This story combineany geologic investigations
conducted within theKings Mountairierrane, Carolinaterrane, and from other locations
throughout the Southeast. For a detailed reviewsome of themost recent geologic
interpretations of associatedocks, at the time of pulcation, see Hibbard et al. (2002) and
references thereinHorton (2008), Dennis and Baker (2012), Dennis et al. @@h2 1),

Hibbard et al. (2013)and Dennis2014).

This story is amterpretation, pieced together using facts acquired from scientific field data

and laboratory studies of the rocks from many different workers. As more geologic research is
performed, some of the interpretations of the geologic story of #neamay change. Changing
interpretations about the geologic story is a vital part of the scientific process. The rocks will
always stay the same in our lifetime but the interpretation of what the rocks tell us may
change, and should change, as more knowledge is developed.

Overviev

Geologists like to group the rocks of large areas of the Earth into swaths of land that share a
similar geologic history. Crowders Mountain State Park lies within the Kings Motartaine
(Dennis et al. (2012 a and b) and Dennis (20T4)e Carolinterrane and nearby Charlotte
terrane and other terranes collectively are grouped together and callaaliniaby geologists

(fig. 3) Carolinia represents an amalgamation of chains of volcanic islands that originally
formed far away from ancient Northrderica and through plate tectonics and many millions of
years travelled across an ancient ocean and collided with and became part of North America.
The terranes that compose Carolinia are also knowexasic terranes The rocks exposed at
Crowders Mourdiin record a small but important piece of the greater than 600 million year
history of Carolinia. The rocks associated with Carolinia underlie a significant portion of the
southeast US (including over a half of the Piedmont of North Carolina), so treggeloistory

of Carolinia and Crowders Mountain is a significant part of the overall geologic history of North
America and the world.
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that is distinct from surrounding terranes or areashe Kings Mountain area used to be called
the Kings Mountaitbelt. Today, some geologic researchers interpret the Kings Mountain area
to be its own terrane (Dennis et al. (2012 a and b) and Dennis (2014). Other workers interpret
it to be a part @ geologicsequencé ofthe Carolina terrane (Hibbard et al. (200Rprton

(2008), Hibbard et al. (2013)). No matter what you call it, the Kings Mountain area has distinct

rock types that tell a wonderful geologic story!




A quick geologidistory

Beneath the peaceful forests surrounding Crowders Mountain State Park the rocks record a
long, sometimes violent, and complicated geologic past with many different episodes of
volcanic activity that span many millions of years. The geologiayist&arolinia began more
than a half a billion years ago, when, far away from ancient North America, a chain of volcanic
islands was forming. Multiple generations of volcanoes were actively eruptimnbitf tons

of ash and other volcanic debris ovaillions of years. Fa$brward many millions of years

later, we find a major part of Carolinia undergoing a new phase of volcanism on or very near
the ancient continent of Gondwana. Later, Carolinia rifts afagaks awayjrom Gondwana

and slowly maés its way across an ancient ocean toward an eminent collision with ancient
North America. Carolinia eventually collided witnd welded to- ancient North America.
Millions of years later, around 300 million years ago, the ancient African continiaecbwith
ancient North America forming the supercontingPdingea During the Triassic period,

beginning about 245 million years ago, Pangea split apart, forming a systéimwailleysup

and down the eastern edge of North America. Approximatelyr@iibn years ago, magma
intruded the rocks and formed the multitude dikesof the rock type known adiabasefound
throughout the Piedmont and in Crowders Mountain State Park. As Pangea continued to split
apart, the continents we know today took theshape and the Atlantic Ocean was born. The
great mountain range formed from the collision of ancient North America and Africa was
eroded away. Its sediment was deposited on the newly formed Atlantic coastline creating the
sedimentary deposits of the CdatPlain. Millions of years of subsequent uplift and erosion
slowly formed the landscape visible today within the Park and its surroundings.

The Old Are The Early History ofarolinia Circa 630 Million Years Ago

Off the coast of the ancient continent called Gondw#gwaichincluded portions of the present

day African, South American aAatarcticacontinents) at the edge of @onvergent plate

boundary, younger, more buoyant, oceanic crust collided with and roder @lder and denser
oceanic crust (figd). As a result, the denser oceanic plate was pushed deep into the Earth and

a subduction trench was formed. (Examples of modern day subduction trenches are associated
with the Aleutian island arcAleutian Trenh in Alaska, the Java and Sumatra island &unda

(Java) Trench, and the volcanic islands of Jagapan Trench.) Plunging deep into the Earth,

the subducted crust carried large quantities of water down into the subduction zone. The
additon of watlNE 02 dzLJt SR A GK G(GKS SEGNBYS KSIG FyR
mantle above the subducting oceanic slab to melt and form magma. Giant blobs of buoyant
magma (imagine a lava lamp but much slower) slowly ascended through the younger oceanic
crust all along the formingolcanic island ar¢fig. 5). Thsisland araepresentsone of the

oldest identified periods of volcanic activity associated @troliniaandwas likely more than

600 miles (1,000 kilometers) long.
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Tohelp simplify the long and complicated history of Carolinia, geologists have begun referring
to the volcanic arc associated with the early history of Carolinia (specificalbjdast portion

of the Caolina terrane) as th&ld Arc (see Hibbard et al., 2013 for detailed informatiorhe

Old Arcitself has a long and complicated history with multiple periods of volcaaisin

evidence of slamming into another island &nhich left evidence of deformation even). The
rocks associated with thiSld Arcare now exposed from parts of the Piedmont of Virginia,
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southwestthrough Chapel Hill and Siler City, NC. Eno River, Umstead and Raven Rock State
Parks are all underlain by raclssociated with the Old Arc.

At sometime before approximately 550 million years adloe old ardoecamesituated on top
of continental crust associated with the Amazonian portion of the Gondwanan confffignté
and 7). Geologiststill do not knowthe details of how théld Arc got on topof a piece of
Gondwanan continental crust and different interpretations exist.

The New Arg Renewed Volcanism on Carolini@irca 550 Million Years Ago

Beginning about 550 million years ago, a new chain of volcanoes began to form on top of the
now extinct and buried volcanoed the Old Ardfig. 7) The rocksassociated with thidlew Arc

are now exposed near AshebofdCand extend southwest into the Uvarrie Mountains

(which includes Morrow Mountain State Paudnd into South Carolindn North Carolina,itese
rocks have been dated at about 5&Dabout 54 million years oldgummarized in Hibbard et

al., 2002;Pollock, 2007and Hibbard et al., 20}3After around 54 million years agathe New

Arc began to pull itself apart (known as arc riftiig. 8) This rifting likely caused additional
volcanism butlso caused thélewArc to subside (sink) with the deposition of thousands of
feet of sedinent. These layers of sediment with interlayered volcanic rocks extend from-south
central North Carolina into South Carolina and part of Georgia.
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ca. 50 to 530 million years ago.
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The rocks of thé&ew Arcare younger but very similar to the rockstb& Old Arc These
volcanoes, like the volcanoes of tlidd Arg went extinct and were eroded armbvered with
sediments The oldest rocks exposed in Crowders Mountain State Park are interpreted to be
part of the New Arc of Carolinia.

Volcanoes and Volcanic Activity of the Old and New Arcs

Geologists studying ancient volcanic regions, like those of the Old and New Aaobihia,

use modern volcanoes and their deposits as a guide to help them unravel the geologic history.
Many of the rocks exposed within Carolinia have identical featito@ecks being deposited by
volcanoes or from the erosion of volcanoes today. nFeocomparison to modern day volcanic
areas and geologic processes, geolagianh piece together a general picture of whiatiay

have been like on ancient Carolinia.

The main phases of volcanism on both the Old and New Arcs were from the subduction of

oceanic crust either under other ocean crust (Old Arc) or under continental crust or a fragment

of continentalcrust (New Arc)Duringthe subduction processyaterin the subducting

sedimentscoupled with the extreme heat and pressure alet L2 NI A2y 2F GKS 91
above the subducting oceanic slab to melt and fgiant blobs oimagma(molten rock) The

magma blobs worked their way upward through the crust, the blobs coalesced into larger

masses and settled in zones between 2todthSa oo G2 mn (Af2YSUSNRO
into magma chambers

The crust abovehe growingmagma chamberbeganto bulge and swekhndsome of the
magma began to move toward the surface along faults and fractufes) ocean crust e
magma @entually erupted onto the ocean floor causing underwater volcanic eruptions that
discharged billions of tons of lava aashon the sea floor. The eruptions built enormous piles
of volcanic debris many hundreds to thousands of feet thick. The pilaedaainic debris built

up high enough that volcanic islands began to break the surface ofdker. More eruptions
followed, building the islands larger and larger. As these islands emerged abowvattre
surface, erosion begamorking on their destructin. The islands were barren masses of
volcanic debris with no land plants or animals. Land plants would not evolvewait200
million years later during th&ilurianand Devonianperiods. With no plants to help hold the
volcanic debris and soil place, all of the unconsolidated material would have been easily
eroded. Every minor rainfall created torrents of sediméiid streams and rivers that
transported their loads into the surrounding ocean. Frequent earthquakes that accompanied
the domingand the subduction activity triggered landslides and submarine slides that
contributed to the destruction of the volcanic islands.
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The volcaniareasprobably went through many cycles of construction and destruatiorboth
the Old and New ArcsLava ad ash built up small islands tall land volcanoesnly to be
destroyed by subsequent explosive eruptions and erosion.

Erosion slowly wore the volcanoes down and produced layer after layer of sedimentary rocks
like, siltstones, sandstone, greywacke andglomerate. These sedimentary rocks are often
found interlayed with lavas and tuffedicatingthat the volcanic deposits were undergoing
erosion in the same time period of active volcanism.

Hydrothermally altered rock (se& I NI A S NRock ByPasihe Farkfiare common in

volcanic areas and are common in both the Old and New(¥ack record Both Arcsvould

have had abundarttot springsand/or hydrothermal ventsvhere hot water, heated by the
magma, circulated through the previously deposited ashes and volcanic debris. The
hydrothermal activity extracted silicand other minerals and elements from some rock types or
added silica to other rock types forming hythtermally-altered rocks.Other rock types may
directly precipitate due to abundant minerals and elements dissolved in heated water and form
distinct layers (called amxhalative deposif. Many importanteconomic mineralgnd metals

can form in hydrotherral systemsand/or other volcanic processé€ex.gold, copper,

pyrophyllite, kyanite, and barite, etc)rhe entire Kings Mountairrane of Carolinia (the

specific rocks that underlie the Park) have a long history of mining activities and are discussed
in another section of this guide. The Park has abandoned mineral prospects, open pits, a mine
shaft and other features that reveal the mining history of the past (plates 1 and 2).

Carolinia Rifs Away from Gondwana; The Story of Crowders Mountain State
Pak

Beginningsometimearound520 million years agdectonic forces in the Earth began to pull

part of Carolinia away from Gondwairtlg. 9) This was the beginning of the rifting of Carolinia
from Gondwana and the birth of a new ocean called the RBe&an by geologists. Carolinia
began to separate from Gondwana along a system of faults. As the faults moved, one side of
the fault moved up and the other side moved dow@enerally, when faults moygeologic

uplift occurs on the side of the fault thanoved up. This uplift formed higher ground that

began to erode sending tons of rock debris down rivers and intomévdy formedocean. The
guartzites and metaconglomeratggesent in Crowders Mountain State Panle examples of
some of these deposits.

Based on interpretations from Dennis (2014) and the analysis of rock samples from locations
throughout the Crowders Mountain area (see side bar section on research for more details), the
first sediment to be deposited (and now preserved in Crowddosintain State Park) was

derived from the erosion of volcanic and other rocks associated with Carolinia and the
Gondwana continent (fig. 10). As rifting continued, the rifted portion of Carolinia rapidly
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Figure9: Diagram showing Carolinia during the initial stages of rifting away from Gondwana with the birth of the
Rheic Oceag ca. 520 million years ago.

Figure10: Diagram showing Carolinia in the process of rifting from Gondwanpid Rabsidence caused thousands
of feet of sediment from Gondwana to be deposited in the forming Rheic Ocean (yellow colored unit labeled KMT).
This sediment later became the rodfshe Kings Mountain terrane and of the Park.
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